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(54) CURING COMPOSITION AND METHOD FOR APPLYING ALKYD COATING MATERIAL WITH 
THE SAME 



(57) An object of the present invention is to improve 
a drying property of paint in application of alkyd paint to 
the surface of a cured material resulting from the curable 
composition containing an oxyalkylene polymer having 
at least one silicon-containing functional group capable 
of cross-linking by formation of at least one siloxane 
bond, and to provide a composition that contains an oxy- 



alkylene polymer (A) having at least one silicon-contain- 
ing functional group capable of cross-linking by forma- 
tion of at least one siloxane bond and 2,6-di-t-butylhy- 
droxytoluene wherein the content of the above-de- 
scribed 2,6-di-t-butylhydroxytoluene is 350 ppm or less 
relative to the above-described polymer (A). 
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Description 

Technical Field 

[0001] The present invention relates to a curable composition containing an organic polymer having at least one 
silicon-containing functional group capable of cross-linking by formation of at least one siloxane bond and to a method 
for improving a drying property of paint by applying alkyd paint to the surface of a cured material of the curable com- 
position. 

Background Art 

[0002] Oxyalkylene polymers having at least one silicon-containing functional group capable of cross-linking by for- 
mation of at least one siloxane bond (hereafter may be referred to as polymer (A)) are proposed in each document of, 
for example, Japanese Examined Patent Application Publication Nos. 45-36319, 46-12154 and 49-32673, and Japa- 
nese Unexamined Patent Application Publication Nos. 50-156599, 51-73561, 54-6096, 55-82123 55-123620 
55-125121, 55-131022, 55-135135, 55-137129, 3-72527, 11-60723 and 11-60724, and can'be used in sealants, ad- 
hesives and the like. 

[0003] However,.when-alkyd paint is applied to a cured material of ^composition containing an oxyalkylene polymer 
having at least one silicon-containing functional group capable of cross-linking by formation of at least one siloxane 
bond, problems may occur in that the drying property (curability) of the coating is poor and, therefore, the application 
of the paint to the above-described cured material is practically difficult. 

[0004] Examples of methods proposed for improving the drying property of the alkyd paint include a method in which 
a high molecular weight plasticizer is used, as shown in Japanese Unexamined Patent Application Publication No. 
5-287189, and a method in which an unsaturated compound capable of reacting with oxygen in air is added, as shown 
in Japanese Unexamined Patent Application Publication No. 5-65407. However, these methods are not always satis- 
fying. 

Summary of the Invention 

[0005] An object of the present invention is to provide a curable composition having an improved drying property in 
application of an alkyd paint onto the curable composition containing a polymer (A) or a mixture of the polymer (A) and 
a polymer (B) having a molecular chain composed of (meth)acrylate monomer units and having at least one silicon- 
containing functional group capable of cross-linking by formation of atjeast one siloxane bond (hereafter may be 
referred to as a polymer (B)), and a method for improving a drying property of paint in application of the alkyd paint. 
[0006] The inventors of the present invention conducted intensive research on causes of degradation of the drying 
property of the alkyd paint. As a result, it was found out that trace amounts of BHT included during the preparation 
process of the polymer (A) significantly degraded the drying property of the alkyd paint, and it was found out that the 
drying property of the alkyd paint was able to be very excellently improved by controlling the amount of BHT in the 
polymer (A) during the preparation, so that the present invention was made. 

[0007] A first aspect of the present invention relates to a composition containing an oxyalkylene polymer (A) having 
at least one silicon-containing functional group capable of cross-linking by formation of at least one siloxane bond and 
2,6-di-t-butylhydroxytoluene, 

wherein the content of the above-described 2,6-di-t-butylhydroxytoluene is 350 ppm or less relative to the above- 
described polymer (A). 

[0008] A second aspect of the present invention relates to a composition containing an oxyalkylene polymer (A) 
having at least one silicon-containing functional group capable of cross-linking by formation of at least one siloxane 
bond, a polymer (B) having a molecular chain composed of (meth)acrylate monomer units and having at least one 
silicon-containing functional group capable of cross-linking by formation of at least one siloxane bond, and 2 6-di-t- 
butylhydroxytoluene, 

wherein the content of the above-described 2,6-di-t-butylhydroxytoluene is 350 ppm or less relative to the total amount 
of the above-described polymer (A) and the above-described polymer (B). 

[0009] A third aspect of the present invention relates to an application method including the step of applying alkyd 
paint to the surface of a cured material resulting from the composition according to the first or the second aspect of 
the present invention. 

[001 0] A fourth aspect of the present invention relates to a method for improving a drying property of alkyd paint in 
application of the alkyd paint to the surface of a cured material resulting from a composition containing an oxyalkylene 
.polymer_(A).having at least one silicon-containing functional group capable of cross-linking by formation of at least one 
siloxane bond and 2,6-di-t-butylhydroxytoluene, the method including the step of adjusting the content of the above- 
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descri&ed 2,6-cii-t-butylhydroxytoluene at 350 ppm or less relative to the above-described polymer (A). 
[0011] A fifth aspect of the present invention relates to a method for improving a drying property of alkyd paint in 
application of the alkyd paint to the surface of a cured material resulting from a composition containing an oxyaikylene 
polymer (A) having at least one silicon-containing functional group capable of cross-linking by formation of at least one 
siloxane bond, a polymer (B) having a molecular chain composed of (meth)acrylate monomer units and having at least 
one silicon-containing functional group capable of cross-linking by formation of at least one siloxane bond, and 2,6-di- 
t-butylhydroxytoluene, the method including the step of adjusting the content of the above-described 2,6-di-t-butylhy- 
droxytoluene at 350 ppm or less relative to the total amount of the above-described polymer (A) and the above-de- 
scribed polymer (B). 

[0012] The compositions according to the first and forth aspects of the present invention do not contain the polymer 
(B). 

Disclosure of Invention 

[0013] The present invention will be described below in detail. 

[0014] Preferably, the molecular chain of the oxyaikylene polymer (A) used in the present invention essentially has 
a repeating unit represented by general formula (1) : 



-R 1 -Q- (1) 



(In the formula, R 1 represents a divalent organic group. In particular, a divalent hydrocarbon group having a carbon 
number of 2 to 20 is preferable, and a divalent hydrocarbon group having a carbon number of 2 to 1 0 is more preferable. 
Most preferably, most of the divalent hydrocarbon groups, each represented by R\ have a carbon number of 3 or 4 ) 
[0015] Specific examples of R1 include -CH(CH 3 )CH 2 -, -(C 2 H 5 )CH 2 -, -C(CH3) 2 CH 2 -, -CH 2 CH 2 CH 2 -,' 
-CH 2 CH 2 CH 2 CH 2 - and the like. The molecular chain of the above-described oxyaikylene polymer may be composed 
of simply one type of repeating unit, or be composed of at least two types of repeating unit. R* is preferably -CH(CH 3 ) 
CH 2 -. The polymer may be a homopolymer in which all of the repeating units are the same, or be a copolymer including 
at least two types of repeating unit. The main chain may include a branched structure. 

[0016] In order to prepare the molecular chain of the oxyaikylene polymer, polyethers can be used. The polyethers 
can be prepared by ring-opening polymerization of a substituted or unsubstituted epoxy having a carbon number of 2 
to 12 with various oligomers having dihydric or polyhydric alcohol and hydroxyl groups as initiators in the presence of 
, various catalysts. -Examples of epoxies include aJkylene oxides, specifically,ethylene oxide, propylene oxide, a-buty- 
lene oxide, 0-butylene oxide, hexene oxide, cyclohexene oxide, styrene oxide, and a-methylstyrene oxide; and alkyl, 
allyl or aryl glycidyl ethers, specifically, methyl glycidyl ether, ethyl glycidyl ether, isopropyl glycidyl ether, butyl glycidyl 
ether, allyl glycidyl ether, and phenyl glycidyl ether. Examples of oligomers include ethylene glycol, propylene glycol, 
butanediol, hexamethylene glycol, methallyl alcohol, hydrogenated bisphenol A, neopentyl glycol, polybutadienediol, 
diethylene glycol, Methylene glycol, polyethylene glycol, polypropylene glycol, polypropylene triol, polypropylene 
tetraol, dipropylene glycol, glycerin, trimethylolmethane, trimethylolpropane and pentaerythritol. Catalysts used for this 
polymerization are already known catalysts, for example, alkaline catalysts, e.g., KOH and NaOH; acidic catalysts, e. 
g., trifluoroborane-etherate; composite metal cyanide complex catalysts, e.g., aluminoporphyrin metal complexes and 
zinc cobalt cyanide-glyme complex catalyst; phosphazene catalysts (PZN) which are non-metallic molecular catalysts; 
and cesium catalysts. In particular, composite metal cyanide complex catalysts which cause few side reactions and 
phosphazene catalysts (PZN) which are non-metallic molecular catalysts are preferably used because of a reduced 
content of low molecular weight polyether components which can readily transfer to the paint. 
[001 7] Examples of those having a molecular chain of an oxyaikylene polymer and having hydroxyl groups at termi- 
nals include those described in, for example, Japanese Unexamined Patent Application Publication Nos. 46-27250, 
50-149797 and 61-197631 , Japanese Examined Patent Application Publication No. 59-15336, and Japanese Unex- 
amined Patent Application Publication Nos. 2-276821 , 10-273512 and 11-106500. 

[0018] In addition to these, the main chain skeleton of the oxyaikylene polymer can be achieved through chain ex- 
tension and the like of hydroxyl-terminated polyether oligomers with halogenated alkyls of at least di-functional, for 
example, CH 2 CI 2 and CH 2 Br 2 , in the presence of a basic compound, for example, KOH, NaOH, KOCH 3 and NaOCH 3 . 
[0019] The silicon-containing functional group capable of cross-linking by formation of a siloxane bond (hereafter 
may be referred to as reactive silicon functional group) in the present invention is a well-known functional group, and 
can cross-link even at room temperature. Typical examples of the reactive silicon functional groups are represented 
by general formula (2): 
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-[Si(R 3 2 - b )(X b )0] m Si(R 2 3 . a) X a (2) 

(In the formula, R 2 orR 3 represents a substituted or unsubstituted monovalent organic group (preferably, a hydrocarbon 
group) having a carbon number of 1 to 20 or a triorganosiloxy group.X represents a hydroxyl group or a hydrolyzable 
group, and when the number of X is at least two, those may be the same or be different. Subscript a represents 1 , 2 
or 3, and subscript b represents 0, 1 or 2. Subscript b may be the same or be different in the groups -(Si(R Vb)(X b )0)- 
(the number is m). Subscript m represents an integer of 0 to 19. In addition, a + Zb > 1 is satisfied.). 
[0020] From the viewpoint of economy and the like, the reactive silicon functional group is preferably represented 
by general formula (3): 



- Sj (R 2 3 - a ) X a (3) 

(In the formula, R 2 and X are the same as those described above. Subscript a represents 1 , 2 or 3.). 
[0021] More preferably, R 2 is a methyl group, X is a methoxy group, and subscript a is 2 or 3. 
[0022] Preferably, the number of the reactive silicon functional group in the polymer (A) is one or more, more pref- 
erably, is 1.1 or more and?mosr-p^eferably, is 1.5 or more-from the viewpoint of sufficient curability. Preferably the 
apparent number average molecular weight is 1 ,000 to 1 5,000 per reactive silicon functional group present therein 
[0023] Specific examples of hydrolyzable groups in general formula (2) include a halogen atom, a hydrogen atom 
an alkoxy group, an acyloxy group, a ketoximate group, an amino group, an amide group, an aminooxy group a 
mercapto group, an alkenyloxy group and the like. Among these, alkoxy groups, such as a methoxy group and 'an 
ethoxy group are preferable. Specific examples of R 2 in the general formula (2) include alkyl groups, e g a methyl 
group and an ethyl group; cycloalkyl groups, e.g., a cyclohexyl group; aryl groups, e.g., a phenyl group; and aralkyl 
groups, e.g., a benzyl group. Furthermore, R 2 may be a triorganosiloxy group represented by general formula (4): 

<R 2 °) 3 SiO- (4) 

(R 20 represents a substituted or unsubstituted monovalent organic group (preferably, a hydrocarbon group) having a 
carbon number of 1 to 20). Among these, a methyl group is particularly preferable. 

[0024] Preferably, the number average molecular weight of the oxyalkylene polymer (A) is 1 ,000 to 50 000 and more 
preferably, is .3,0.00 to 25,000. Preferably, the rn ol ecu lar-weight,distribution measured with a gel permeation chroma-- - 
tograph is 2.0 or less and, more preferably, is 1 .5 or less. It is particularly preferable that the number average molecular 
weight is 10,000 or more and the molecular weight distribution measured with the gel permeation chromatograph is 
1 .5 or less because of a reduced content of low molecular weight polyether components which can readily transfer to 
the paint. The oxyalkylene polymer (A) may be used alone or in combination. 

[0025] Examples of oxyalkylene polymers (A) used in the present invention include a polymer prepared by an addition 
reaction of a hydrogenated silicon compound represented by general formula (5): ' 

H-Si(R%- a )X a (5) 

(In the formula, R 2 and X are the same as those described above. Subscript a represents 1 , 2 or 3.) 
and a polyether having an olefin group represented by general formula (6) 



HC(R 4 )=CH-R 5 -0- 



(In the formula, R 4 represents a hydrogen atom or a monovalent organic group having a carbon number of 1 to 20 
and R5 represents a divalent organic group (preferably, a hydrocarbon group) having a carbon number of 1 to 20 ) 
while a group VIII transition metal catalyst, e.g., a platinum compound, serves as a catalyst. 

[0026] Specific examples of methods for man uf acturing an alkylene oxide polymer having an olefin group represented 
by general formula (6) may be methods disclosed in Japanese Unexamined Patent Application Publication No 54-6097 
and Japanese Unexamined Patent Application Publication No. 3-72727, or a method in which an olefin-containing 
epoxy compound, e.g., allyl glycidyl ether, is added in polymerization of an epoxy compound, e.g., ethylene oxide and 
propylene oxide, and thereby, an olefin group is introduced irfa side" chain due to copolymerization. 
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[00271 Examples of oxyalkylene polymers having unsaturated groups at terminals include those manufactured by 
methods disclosed in Japanese Unexamined Patent Application 1 Publication Nos. 50-149797 and 61-215623 Japa- 
nese Examined Patent Application Publication No. 61-29371, Japanese Unexamined Patent Application Publication 
Nos. 1-294733, 5-97996, 8-231 707 and 11-106500 and the like. 

[0028] Examples of transition metal complex catalysts effectively used for the above-described addition reaction 
include complex compounds of group VIII transition metals selected from the group consisting of platinum, rhodium 
cobalt, palladium and nickel. In particular, platinum-based compounds, e.g., platinum black, chloroplatinic acid a plat- 
inum alcohol compound, a platinum olefin complex, a platinum aldehyde complex, and a platinum ketone complex 
are effective. 

[0029] Specific examples of methods other than the above-described methods for manufacturing the oxvalkvlene 
polymer (A) include: 7 

(a) a method in which a hydroxyl-terminated polyoxyalkylene is allowed to react with a polyisocyanate compound 
e.g., toluene diisocyanate, to prepare an isocyanate-terminated alkylene oxide polymer and subsequently the 
resulting isocyanate group is allowed to react with a W group of a silicon compound represented by general formula 

"w-R 5 -Si(R 2 3 - a )X a "'" ' (7) 

(In the formula, W represents an active hydrogen-containing group selected from the group consisting of a hydroxyl 
group, a carboxyl group, a mercapto group and a (primary or secondary) amino group, and R2, rs and X are the 
same as those described above. Subscript a represents 1 , 2 or 3.); 

(b) a method in which a mercapto group of a silicon compound represented by the general formula (7) where W 
is a mercapto group is subjected to an addition reaction with the olefin group of the polyoxyalkylene havinq an 
olefin group represented by general formula (6); and 

(c) a method in which a hydroxyl group of a hydroxyl-terminated polyoxyalkylene is allowed to react with a com- 
pound represented by general formula (8): 

NCO-R 5 -Si(R 2 3 - a )X a {8) 

(Ln.the fprmuia, Fft.RS.andX. are.thesame.as.those described above. Subscript a-represents 1 7 2-or3.). However the : 
present invention is not limited to these above-described methods. 

[0030] The polymer (B), used in the present invention, having a molecular chain composed of (meth)acrylate mon- 
omer units and having at least one silicon-containing functional group capable of cross-linking by formation of at least 
one siloxane bond is described in each of Japanese Unexamined Patent Application Publication Nos 59-78223 
59-168014, 60-31556, 60-228516, 60-228517, 63-112642 and the like. In particular, this polymer is useful for a com- 
position with the oxyalkylene polymer (A). 

[0031 ] Preferably, the (meth)acrylate monomer used in the present invention is a monomer represented bv aeneral 
formula (9). ' a 



CH 2 =C(R 6 )(COOR 7 ) (9) 

(In the formula, R« represents a hydrogen atom or a methyl group, and R 7 represents a substituted or unsubstituted 
monovalent hydrocarbon group (preferably, the number of carbons is 1 to 25).) 

[0032] Examples of R 7 in the above-described general formula (9) include alkyl groups having a carbon number of 
1 to 8, e.g., a methyl group, an ethyl group, a propyl group, a n-butyl group, a t-butyl group, and a 2-ethylhexyl group- 
long-chain alkyl groups having a carbon number of 1 0 or more, e.g., a lauryl group, a tridecyl group, a cetyl group a 
stearyl group, an alkyl group having a carbon number of 22, and a biphenyl group; and substituted hydrocarbon groups 
e.g., a glycidyl group, an aminoethyl group, and a diethylaminoethyl group. 
[0033] These may be used alone or in combination. 

[0034] The polymer (B) may include units originating from monomers other than the (meth)acrylate monomer Pref- 
erably, the content of the units originating from the (meth)acrylate monomer in the polymer (B) is 50 percent by weight 
or more and. more preferably, is 70 percent by weight or more in point of compatibility. 

[0035]_More.preferably, a mixture of a monomer represented by general formula (1 0) and a monomer represented 
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by general formula (11) is used as the (meth)acrylate monomer in the polymer (B) because of improvement in the 
compatibility with the polymer (A). 



CH 2 =C(R 6 )(COOR 8 ) 



(In the formula, R 6 is the same as that described above, and R 8 represents an alkyl group having a carbon number of 
1 to 8.) 



CH 2 =C(R 6 )(COOR 9 ) 

(In the formula, R 6 is the same as that described above, and R 9 represents an alkyl group having a carbon number of 
at least 1 0.) 

[0036] Preferably, the total content of the monomer units originating from the monomer represented by general for- 
mula (10) and the monomer units originating from the monomer represented by general formula (11) in the polymer 
(B) is 50 percent by weight or more and, more preferably, is 70 percent by weight or more. Preferably, the ratio of the 
units originating from the monomer represented by general formula (1 0) to the units originating from the monomer 
represented by general formula (11) in the polymer (B) is 95:5 to 40:60 in terms of weight ratio and, more preferably 
is 90:10 to 60:40. * 

[00371 Examples of monomers other than the (meth)acrylate monomer include acrylic acids, e.g., acrylic acid and 
methacrylic acid; amides, e.g., acrylamide, methacrylamide, N-methylol acrylamide, and N-methylol'methacrylamide; 
epoxies, e.g., glycidyl acrylate, and glycidyl methacrylate; amino group-containing monomers, e.g., diethylaminoethyl 
acrylate, diethylaminoethyl methacrylate, and aminoethyl vinyl ether; and other monomers, e.g., acrylonitrile, iminol 
methacrylate, styrene, a-methylstyrene, alkyl vinyl ether, vinyl chloride, vinyl acetate, vinyl propionate, ethylene and 
the like. 

[0038] Preferably, the number average molecular weight of the polymer (B) is 500 to 100,000 in point of ease of 
handling. 

[0039] The reactive silicon functional group in the oxyalkylene polymer (B) is the same as that described above. 
[0040] The reactive silicon functional group may be introduced into the polymer (B) by any method. Examples of the 
methods include: 

,„» a method in which. a-compound-(forexample ; GH2=CHSi(GGH 3 ) 3 ) having a polymerizable unsaturated bond : 
and a reactive silicon functional group is added to a monomer represented by general formula (9), followed by 
copolymerization; and 

(b) a method in which a compound having a polymerizable unsaturated bond and a reactive silicon functional group 
(hereafter referred to as Y group) (for example, acrylic acid) is added to a monomer represented by general formula 
(9), followed by copolymerization and, subsequently, the resulting copolymer is allowed to react with a compound 
having a reactive silicon group and afunctional group (for example, a compound having an isocyanate group and 
a -Si(OCH 3 ) 3 group) capable of reacting with the Y group (hereafter referred to as Y' functional group). 

[0041] The above-described compound having a polymerizable unsaturated bond and a reactive silicon functional 
group includes a compound represented by general formula (12): 

CH 2 =C(R 6 )COOR 10 -[Si(R 3 2 - b )(X b )OJ m Si(R 2 3 - a )X a (12) 

(In the formula, R* is the same as that described above. R 10 represents a divalent alkylene group having a carbon 
number of 1 to 10. R 2 , R 3 , X, a, b, and m are the same as those described above.) or general formula (13): 

CH 2 =C(R 6 )-[Si(R 3 2 - b )(X b )0] m Si(R 2 3 - a )X a (13) 

(In the formula, R 2 , R 3 , R 6 , X, a, b, and m are the same as those described above.). 

[0042] Specific examples of compounds represented by general formula (1 2) or (1 3) are as follows: 

- rmethacryloxypropylalkyl polyalkoxysilanesre.gr, Y^methacryloxypropyltrimethoxysilane, y^mef hacryloxypropyF " 
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methyldimethoxysilane and y-methacryloxypropyttriethoxysilane; racryloxypropylalkyl polyalkoxysilanes, e.g., T 
acryloxypropyltrimethoxysilane, racryloxypropylmethyldimethoxysilane and racryloxypropyftriethoxysilane; and 
vinyl alkyl polyalkoxysilanes, e.g., vinyl trim ethoxy si lane, vinyl methyldimethoxysilane, and vinyl triethoxysilane. 

[0043] These silane compounds may be synthesized by any method. For example, these can be prepared by allowing 
acetylene, allylacrylate, allylmethacrylate, diallylphthalate, and the like to react with methyldimethoxysilane, methyl- 
dichlorosilane, and the like in the presence of a catalysis of a group VIII transition metal. 

[0044] The polymer (B) of the present invention can be prepared by polymerizing the monomer represented by 
general formula (9) through vinyl polymerization, for example, vinyl polymerization based on a radical reaction by an 
ordinary solution polymerization method, a block polymerization method and the like. 

[0045] The above-described monomer, a radical initiator and the like, if necessary, and a chain transfer agent, e.g 
n-dodecyl mercaptan and t-dodecyl mercaptan for preparing the polymer (B) preferably having a number average 
molecular weight of 500 to 1 00,000 are mixed, followed by reacting at 50°C to 1 50°C. Preferably, a solvent is a non- 
reactive solvent, for example, alcohol, ether, aliphatic or aromatic hydrocarbon, acetate or ketone. 
[0046] Desirably, the solvent is removed by vaporization and the like after the reaction is completed. When an aro- 
matic compound is used as hydrocarbon, preferably, the aromatic compound remaining in the polymer (B) is reduced 
as much as possible. 

[0047] Witrtrespect to the ratio of the oxyalkylene polymer (A) to the-polymep(B)mthe composition of the present 
invention, preferably, the amount of the polymer (B) is within the range of 5 to 5,000 parts by weight relative to 100 
parts by weight of the oxyalkylene polymer (A) because the characteristics of each of the polymers (A) and (B) are 
significantly improved and, more preferably, is within the range of 5 to 2,000 parts by weight. In general, the ratio is 
selected in accordance with the use and performance. For example, with respect to the use as a sealant, the range is 
generally in the range of 1 0 to 45 parts by weight. 

[0048] The composition containing the polymer (A) and the polymer (B) of the present invention is prepared by 
separately manufacturing the oxyalkylene polymer (A) and the polymer (B), and by mixing them. However, the com- 
position can also be prepared by polymerizing the (meth)acrylate monomer in the presence of the oxyalkylene polymer 
(A). 

[0049] Since the oxyalkylene polymer (A) used in the present invention is readily degraded due to oxidization, an 
antioxidant is added for'stabilization of the monomer before polymerization and during the preparation of the polymer 
and for preservation of the resulting polymer. 

[0050] In particular, significantly large amounts of antioxidant is used in the preparation process of the oxyalkylene 
polymer (A) having a reactive group in order to prevent degradation due to oxidization during the reaction, e.g., a 

te n™ n al?th^ ... ~ .^...^^ ^. ._L- _L 

[0051] With respect to the preparation of the oxyalkylene polymer having reactive groups, since an antioxidant is 
contained in order to prevent degradation due to oxidization of the oxyalkylene-based compound as a raw material 
therefor, the preparation by polymerization may be performed without further addition of the antioxidant if extreme 
caution is taken. However, this operation requires much expense in time and effort and extreme caution. Therefore, 
industnally, the antioxidant is added particularly from the viewpoint of simplification of the process and the variations 
in the product characteristics. 

[0052] Various compounds are commercially available as such an antioxidant. However, 2,6-di-t-butylhydroxytoluene 
(may be referred to as U BHP' in the present specification) is commonly used from the viewpoint of inexpensiveness 
and ease of handling. The present invention is based on the findings concerning the improvement in ease of application 
of the alkyd paint when the content of BHT in the composition containing the oxyalkylene polymer (A) having at least 
one silicon-containing functional group capable of cross-linking by formation of at least one siloxane bond is within the 
range of 350 ppm or less relative to the oxyalkylene polymer. Furthermore, in the case of the composition containing 
the oxyalkylene polymer (A) having at least one silicon-containing functional group capable of cross-linking by formation 
of at least one siloxane bond and the polymer (B) having a molecular chain composed of (meth)acrylate monomer 
units and having at least one silicon-containing functional group capable of cross-linking by formation of at least one 
siloxane bond, It was found out that ease of application of the alkyd paint was improved when the content of BHT was 
within the range of 350 ppm or less relative to the total amount of the polymer (A) and the polymer (B). 
[0053] Preferably, the amount of BHT is in the range of 1 ppm to 350 ppm relative to the amount of the polymer (A) 
alone or the total amount of the polymer (A) and the polymer (B). The lower limit of the amount of BHT is preferably 2 
ppm, and the upper limit of the amount of BHT is preferably 300 ppm. If the content of BHT is less than this, degradation 
due to oxidization undesirably occurs immediately after the polymer is exposed to an oxidizing atmosphere. If the 
raphy m GXCeedS thiS ' th8 alRyd Pa ' m ' S undeslrab,v cured - The content of BHT can be measured by gas chromatog- 

[QQ54J_ The composition of the present invention may contain another antioxidant in addition to BHT Examples of 
the above-described antioxidants include hindered phenol antioxidants, e.g., styrenated phenol, Irganox 1010, and 
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Irganox 245. * 

[0055] The above-described alkyd paint is not specifically limited, and refers to a paint in which a so-called oil- 
modified alkyd resin prepared by modifying a condensate of a polybasic acid (phthalic anhydride, maleic anhydride, 
and the like) and a polyhydric alcohol (glycerin, pentaerythritol, ethylene glycol, trimethylolethane, and the like) with a 
fatty oil or an aliphatic acid (linseed oil, soybean oil, castor oil, safflower oil, and the like) or a modified alkyd resin 
prepared by modifying an alkyd resin with various resins or vinyl monomers serves as a primary constituent for forming 
a coating. Any form of the alkyd paint can be used, and examples thereof include alkyd resin varnish, and alkyd resin 
enamel used for vehicle, aircraft, industrial, and other coatings; alkyd resin-compounded paint (also known as synthetic 
resin<x)mpounded paint) used for building, railroad bridge, marine, and other coatings; and alkyd resin undercoat paint 
used as undercoat paint for automobiles, machines, electric appliances, furniture, and the like. In particular, a significant 
effect is achieved with respect to general-purpose long-oil alkyd paint containing large amounts of drying oil. 
[0056] In the application of the alkyd paint onto the cured material resulting from the curable composition of the 
present invention, the application is easily performed in the condition in which the composition is almost completely 
cured or the composition is in a tack-free state, that is, the surface layer is in a solidified state. However, the alkyd 
paint can be applied immediately after the composition of the present invention is applied. 

[0057] The composition of the present invention may further contain a plasticizer, an accelerator, a filler, various 
additives, and the like. 

v[0058] .r . Examples: ofcplasticizers include phthalates^g^di^ butylbenzyl phtha= * 

late; aliphatic dibasic acid esters, e.g., dioctyl adipate, isodecyl succinate, and dibutyl sebacate; glycol esters, e.g., 
diethylene glycol dibenzoate and pentaerythritol esters; aliphatic esters, e.g., butyl oleate and methyl acetyl ricinoleate; 
phosphates, e.g., tricresyl phosphate, trioctyl phosphate, and octyl diphenyl phosphate; epoxy plasticizers, e.g., epox- 
idized soybean oil, epoxidized linseed oil, and benzyl epoxy stearate; polyester plasticizers, e.g., polyesters of dibasic 
acids and dihydric alcohols; polyethers, e.g., polypropylene glycol and derivatives thereof; polystyrenes, e.g., poly-cc- 
methylstyrene and polystyrene; polybutadienes, butadiene-acrylonitrile copolymers, polychloroprenes, polyisoprenes, 
polybutenes, and chlorinated paraffin. These plasticizers may be used alone or in combination at will. 
[0059] The usage of the plasticizer is within the range of 0 to 1 00 parts by weight relative to the amount of the polymer 
(A) alone or the total amount of the polymer (A) and the polymer (B) in order to yield a preferable result. 
[0060] In particular, with respect to the improvement in drying property of the alkyd paint, a macromolecular plasticizer 
may be used in order to yield a preferable result. 

[0061] The macromolecular plasticizer in the present invention is at least one selected from the group consisting of 
polyoxypropyienes, polyesters, poly-cc-methylstyrenes, polystyrenes, polybutadienes, alkyd resins, polychloroprenes, 
butadiene-acrylonitrile copolymers, and liquid polycarbonates. The number average molecular weight thereof is 1,000 
Pi CQPX^nd, !T|p/_e preferably, is 1,50010.30,000. In.general, a.plasticizerhaving high compatibilrty^with4he,polymer^ 
of the present invention is preferable. In particular, an oxypropylene polymer having a number average molecular 
weight of 1 ,000 to 30,000 and a molecular weight distribution measured with a gel permeation chromatograph of 1 .5 
or less is preferable because of a reduced content of low molecular weight polyether components which can readily 
transfer to the paint. An oxypropylene polymer having substantially no hydroxyl group is preferable, and in particular, 
an oxyalkylene polymer having an alkenyl group is useful because it is a raw material for the oxyalkylene polymer (A)! 
[0062] Examples of accelerators include organic tin compounds, acid phosphates, reaction products of acid phos- 
phates and amines, saturated or unsaturated polyvalent carboxylic acids or acid anhydrides thereof, and organic ti- 
tanate compounds. Specific examples of the above-described organic tin compounds include dibutyltin laurate, dioc- 
tyltin dimaleate, dibutyltin phthalate, tin octylate, and dibutyltin methoxide. The above-described acid phosphate is 
disclosed in Japanese Unexamined Patent Application Publication No. 63-112642. Examples of organic titanate com- 
pounds include titanates, e.g., tetrabutyl titanate, tetraisopropyl titanate, and triethanolamine titanate. 
[0063] Preferably, the amount of the accelerator is 0.1 to 20 parts by weight relative to 100 parts by weight of the 
amount of the polymer (A) alone or the total amount of the polymer (A) and the polymer (B) and, more preferably, is 
0.5 to 1 0 parts by weight. 

[0064] Examples of fillers include heavy calcium carbonate, light calcium carbonate, colloidal calcium carbonate, 
kaolin, talc, silica, titanium oxide, aluminum silicate, magnesium oxide, zinc oxide, and carbon black. 
[0065] Examples of additives include anti-sagging agents, e.g., hydrogenated castor oil, and organic bentonrte; col- 
orants, and age resisters. 

[0066] The resulting composition can be used as adhesives and pressure sensitive adhesives, paint, waterproof 
materials for coatings, molding materials and casting rubber materials, foaming agents, and the like. 
[0067] With respect to curing of the composition of the present invention, the polymer (A) alone or the polymer (A) 
and the polymer (A) are homogeneously mixed with an antioxidant, e.g., BHT, a curing catalyst, and, if necessary, 
various additives and a filler. The resulting mixture is allowed to stand at room temperature in air, so that curing proceeds 

and a cured materiaLofJhe.composition of the present invention is prepared. — - 

[0068] With respect to application of the alkyd paint to the cured material resulting from the composition of the present 
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invention, the afkyd paint is applied with a brush and the like to the surface of the above-described cured material, and 
is allowed to stand at room temperature in air, so that curing of the coating proceeds and a dried coating is prepared. 

Best Mode for Carrying Out the Invention 

[0069] The present invention will be described below in detail with reference to the examples. However, the present 
invention is not limited to these examples. 

(SYNTHESIS EXAMPLE 1) 

[0070] Propylene oxide was polymerized using polypropylene glycol as an initiator in the presence of a zinc hexa- 
cyanocobaltate-glyme complex catalyst to prepare polyoxypropylene glycol having an average molecular weight of 
10,000 on a terminal analysis basis and a molecular weight distribution of 1 .38 by gel permeation chromatography. At 
that time, the BHT concentration was very low and was not detected by gas chromatographic analysis because the 
concentration was lower than the detection limit. Subsequently, the resulting hydroxyl-terminated polyether oligomer 
was mixed with 500 ppm of BHT and a methanol solution of NaOMe weighing 1.2 equivalent weight relative to the 
hydroxyl groups. Methanol was distilled off, and 3-chloro-1-propene was added, so that the terminal hydroxyl groups 
-were converted to:allyLgroups, BHT was consumed during'the ally lation reacti6n>Th&BHT : c6hcent ration determined' 
by gas chromatographic analysis was 47 ppm. The products of the allylation reaction were dissolved into hexane, and 
impurities of alkalis, salts, and polymerization metal catalysts were separated therefrom by water extraction. A water 
layer was removed from the allyl-tenminated polyether hexane solution, and BHT was dissolved into the resulting so- 
lution at a content of 265 ppm relative to the polymer. The hexane solvent was removed by vaporization and, therefore, 
a purified allyl polymer was prepared. A platinum complex catalyst and DMS (dimethoxymethylsilane) were added,' 
and a reactive silicon-containing polyoxypropylene polymer (polymer a) was prepared through reaction at 90° for two 
hours. It was confirmed by 1 H-NMR analysis that the number average molecular weight of the resulting polymer was 
about 10,000, and the rate of terminals containing reactive silicon was 82%. The BHT concentration was 310 ppm. 

(SYNTHESIS EXAMPLE 2) 

[0071] A solution in which 2.0 g of azobisisobutylonitrile for serving as a polymerization initiator was dissolved in a 
mixture of 28 g of butyl acrylate, 46 g of methyl methacrylate, 20 g of stearyl methacrylate, 4.4 g of rmethacryloxy- 
propylmethyldimethoxysilane, and 23 g of toluene was added dropwise over 4 hours into 43 g of toluene heated to 
J) 0°C, fpllpwed bypostpolymerization for 2 hours. The.solid.content of the resulting copolymer (polymer b) was 60%r< 
and number average molecular weight (Mn) measured with GPC was 8,500 (in terms of polystyrene). 

(SYNTHESIS EXAMPLE 3) 

[0072] The reactive silicon-containing polyether oligomer (polymer a) prepared in Example 1 and the copolymer 
(polymer b) prepared in Synthesis example 1 were blended at a ratio of solids (weight ratio) of 70/30, and volatile 
materials were removed with an evaporator at a heating condition of 110°C under a vacuum, so that a transparent 
viscous liquid having a solid content of 99% or more was prepared (polymer c). The BHT concentration determined 
by gas chromatographic analysis was 215 ppm. 

(SYNTHESIS EXAMPLE 4) 

[0073] A reactive silicon-containing polyoxypropylene polymer (polymer d) was prepared as in Synthesis example 
1 except that the amount of addition of BHT after polymerization of propylene oxide was adjusted at 100 ppm, and 
BHT was not added to the allyl-terminated polyether hexane solution after impurities of alkalis, salts, and polymerization 
-metal catalysts were removed by water extraction . The BHT concentration determined by gas chromatographic analysis 
was 5 ppm. 

(SYNTHESIS EXAMPLE 5) 

[0074] The reactive silicon-containing polyether oligomer (polymer d) prepared in Synthesis example 4 and the co- 
polymer (polymer b) prepared in Synthesis example 2 were blended at a ratio of solids (weight ratio) of 70/30, and 
volatile materials were removed with an evaporator at a heating condition of 11 0°C under a vacuum, so that a trans- 
parent. viscous liquid having a solid.content of-99% or more was prepared (polymer e). The BHT concentration deter- 
mined by gas chromatographic analysis was 4 ppm. 
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(COMPARATIVE SYNTHESIS EXAMPLE 1) 

[0075] A reactive silicon-containing polyoxypropylene polymer was prepared as in Synthesis example 1 except that 
BHT was dissolved into the resulting allyl-terminated polyether hexane solution at a content of 500 PPM relative to the 
polymer. It was confirmed by 1 H-NMR analysis that the number average molecular weight of the resulting polymer 
(polymer f) was about 1 0,000, and the rate of terminals containing reactive silicon groups was 82%. The BHT concen- 
tration determined by gas chromatographic analysis was 606 PPM. 

(COMPARATIVE SYNTHESIS EXAMPLE 2) 

[0076] A blend of the polymer d and the polymer b was prepared as in Synthesis example 3 except that the polymer 
e was used instead of the polymer a. The BHT concentration determined by gas chromatographic analysis of the 
resulting blend polymer (polymer g) was 405 PPM. 

(EXAMPLES 1 to 4, and COMPARATIVE EXAMPLES 1 to 2) 

[0077] Each of curable resin compositions was prepared by homogenously mixing 150 parts by weight of reactive 
-.silicon-containing polymer-prepared in each otSyfithesisrexample.^rSynthesis example^; Synth-esis^exampre 3rSyn-^ 
thesis example 4, Synthesis example 5, Comparative synthesis example 1 , and Comparative synthesis example 2, 
1 30 parts by weight of calcium carbonate, 1 0 parts by weight of titanium oxide, 3 parts by weight of anti-sagging agent', 
3 parts by weight of vinyl trimethoxysilane for serving as a silicon compound, 2 parts by weight of N-(p-aminoethyl)-^ 
aminopropyl trimethoxysilane and 1 part by weight of dibutyftin diacetylacetonate. A sheet of this composition of 3 mm 
in thickness was prepared, and was cured at room temperature for a day. Each of aikyd paint shown in Table 1 was 
applied with a brush, and the drying states of the paint one day later, three days later, and seven days later were 
examined by the sense of touch. The drying property of the paint was evaluated as follows: 

5: The applied paint was completely cured. 

4: The applied paint was cured, but the surface remains tacky. 

3: The paint slightly adhered to a finger when the coated surface was touched. 

2: A part of the coated surface was cured, but the paint adhered to the finger when the coated surface was touched. 
1 : The applied paint was thickened. 

0: No change was observed with respect to the applied paint. 
[0078] The results are shown in Table 1 . 



Table 1 





Example 


Comparative 
example 


1. 


2 


3 


4 


1 


2 


Polymer (A) 


a 




d 




f 




Polymer (A) + Polymer (B) 




c 




e 




g 


BHT content relative to total amount of polymers 


310 


215 


5 


4 


606 


405 


Rubbol AZ 


1 day 
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5 


3-4 
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7 days 
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4 


Evermore 


1 day 
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7 days 
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Table 1 (continued) 





Example 


Comparative 
example 


1 


2 


3 


4 


1 


2 


Premium 


1 day 


3 


3 


4 


4 


3-4 


3-4 


3 days 


5 


5 


5 


5 


4 


4 


7 days 


5 


5 


5 


5 


4 


4 



[0079] All of Rubbol AZ: High gloss finish (manufactured by AKZO NOBEL), Wijzonol Glanslak Highsolid: (manufac- 
tured by VAN WILHE VERF, Holland), Evermore: Oil/AlkydGloss CThe Glidden Company, USA), and Premium: (man- 
ufactured by FARF & FLEET, USA), shown in Table 1 , are alkyd paint. 



(EXAMPLES 5 to 9, and COMPARATIVE EXAMPLE 3) 

reactive silicon-containing polymer prepared in Synthesis example 4 or Synthesis example 5 was used instead of the 
reactive silicon-containing polymer prepared in Synthesis example 1, and each of BHT, styrenated phenol, Irganox 
101 0 (manufactured by Ciba Specialty Chemicals) and Irganox 245 (manufactured by Ciba Specialty Chemicals), was 
added as an antioxidant at a content (relative to the reactive silicon-containing polymer) shown in Table 2. The results 
are shown in Table 2. 



Table 2 
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Polymer (A) 
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Polymer (A) + Polymer (B) 
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e 


e 


e 
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Antioxidant (ppm) 


BHT 


70 


140 
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Styrenated phenol 






700 










Irganox 1010 








700 








Irganox 245 










700 
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7 days 
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Wijzonol 
Glanslak 




1 day 
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Highsolid 




3 days 
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7 days 
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Evermore 




1 day 
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3 days 
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7 days 
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1 day 
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Industrial Applicability 



[0081] According to the polymer composition of the present invention, the drying property of the paint is improved 
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in apptication 5f the alkyd paint. 
Claims 

1 . A composition comprising an oxyalkylene polymer (A) having at least one silicon-containing functional group ca- 
pable of cross-linking by formation of at least one siloxane bond and 2,6-di-t-butylhydroxytoluene, 
wherein the content of 2,6-di-t-butylhydroxytoluene is 350 ppm or less relative to the polymer (A). 



A composition comprising an oxyalkylene polymer (A) having at least one silicon-containing functional group ca- 
pable of cross-linking by formation of at least one siloxane bond, a polymer (B) comprising a molecular chain 
composed of (meth)acrylate monomer units and comprising at least one silicon-containing functional group capable 
of cross-linking by formation of at least one siloxane bond, and 2,6-di-t-butylhydroxytoluene, 
wherein the content of 2,6-di-t-butylhydroxytoluene is 350 ppm or less relative to the total amount of the polymer 
*5 (A) and the polymer (B). 

3. A coating method comprising the step of applying alkyd paint to a surface of a cured material resulting from the 

•tr --i -composition^ according to Giaim-1r-- ^' - » 



4. A coating method comprising the step of applying alkyd paint to a surface of a cured material resulting from the 
composition according to Claim 2. 

5. A method for improving a drying property of alkyd paint in application of the alkyd paint to a surface of a cured 
material resulting from a composition comprising an oxyalkylene polymer (A) having at least one silicon -containing 
functional group capable of cross-linking by formation of at least one siloxane bond and 2,6-di-t-butylhydroxytol- 
uene, the method comprising the step of: 



adjusting the content of 2,6-di-t-butylhydroxytoluene at 350 ppm or less relative to the polymer (A). 



30 6. 



A method for improving a drying property of alkyd paint in application of the alkyd paint to the surface of a cured 
material resulting from a composition comprising an oxyalkylene polymer (A) having at least one silicon-containing 
functional group capable of cross-linking by formation of at least one siloxane bond, a polymer (B) comprising a 
...■molecular chain composed of ^ (mem)aci7late monomerunits and comprising silicon-containing functional groups 
capable of cross-linking by formation of siloxane bonds, and 2,6-di-t-butylhydroxytoluene, the method comprising 
35 the step of: 

adjusting the content of 2,6-di-t-butylhydroxytoluene at 350 ppm or less relative to the total amount of the 
polymer (A) and the polymer (B). 

40 
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55 
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